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析出，异于普通蛋白质。ELP-KV8F 在 NVT 系综分子动力学模拟结果显示其在
盐溶液中收缩更为剧烈，ELP-KV8F 在水溶液中收缩程度最强的温度为 375 K，
而在 1 M NaCl 盐溶液中则为 350 K。在较低温度条件下，升高温度使 ELP-KV8F
分子收缩程度更剧烈，当温度升高到一定极限后这种变化趋势反转；该极值温度
可能影响 ELPs 的相变温度。 
模拟了 NPT 系综 600 K 温度下的 24 对嗜热-嗜温同源蛋白，所有蛋白都在
100 ps 时间尺度内快速去折叠。尽管模拟温度远高于水的沸点，嗜热蛋白去折叠
速度均慢于其同源嗜温蛋白，表现出更高的热稳定性。利用同源蛋白在 NPT 系
综 600 K 温度下快速去折叠速度的差异，本文开发了一个基于分子动力学模拟的




嗜温木聚糖酶(Mx)上没有的盐桥嫁接到 Mx 上成为新型木聚糖酶，如 Mx_M3 拥
有比 Tx 还多一个的盐桥。Mx_M3 在 600 K 温度下模拟时的去折叠速度慢于 Tx，
说明新型木聚糖酶具有很好的热稳定性。 
抗菌肽 PEM-2、WLK 和 PEM-2-W5K/A9W 与 POPC 膜(模拟电中性的动物
细胞膜)的模拟结果重现了用 NMR 实验方法解得的它们插入到 DPC 脂微团上的
结构与插入姿势。插入(与 POPC 膜疏水脂肪碳链距离 4 Å 以内)和未插入到 POPC
膜疏水区域的抗菌肽重原子数经波尔兹曼分布公式转换为插入自由能∆G。模拟
抗菌肽与 POPG:POPC 膜 (模拟带负电细菌细胞膜 )的过程中，仅观察到
PEM-2-W5K/A9W 能以 α-螺旋为初始结构自然插入到 POPG:POPC 膜。外加弹性


















NMR 实验证实蛋白质 S100B 和 FGF2 可以相互结合。NMR-HSQC 实验提
供了两者结合前后 1H-15N HSQC 交叉峰强度的变化程度，强度下降大且位于蛋
白表面的残基被认为是潜在结合位点残基。这些信息作为对接的模糊性限制，用
蛋白质分子对接软件 HADDOCK 构建了准确性较高的 S100B-FGF2 复合物结构
模型。本文用分子动力学模拟方法检验了该复合物结构模型的稳定性，并优化了
结合部位的结构。模拟结果显示，S100B 在 C 末端的 α-螺旋结构部分解开并与
原有的 C 末端 loop 形成了更长的 loop 结构。该 loop 结构上有三个芳香性残基，
它们与FGF2上的三个芳香族残基相互作用形成了一个有较高级结构的芳香簇网
络。此结构改变使 S100B-FGF2 复合物结构更好的符合 NMR-HSQC 实验提供的
模糊性限制。 
 




















  The dynamics motions of the macro biomolecules are important for their biological 
functions. Four different kinds of biomolecular systems have been simulated using 
molecular dynamics (MD) simulations.  
  Elastic-like peptides (ELPs) can be solvated well in the water solution at room 
temperature. However, different from the normal proteins, ELPs precipitate at a 
temperature higher than its transition temperatures (Tt). The results of MD 
simulations using NVT ensemble showed that the ELP-KV8F shrink extreme at 
temperature 375 K in the water while shrink extreme at 350 K in the 1 M NaCl 
solution. The structure of ELP-KV8F shrinks more while the temperature rising and 
lower than a maximal temperature mentioned above. This maximal temperature could 
affect on the Tt of ELPs. 
  The 24 pairs of thermo-mesophilic proteins have been simulated using NPT 
ensemble at 600 K and a fast unfolding of proteins have been observed within 100 ps 
time scale for each protein. All the thermophilic proteins unfolded slower than their 
mesophilic counterparts at the 600 k high temperature simulations. The NPT 
simulations at 600 K could be an efficient way to evaluate the thermostability of 
proteins with crystal structures. Observing from their unfolding snapshots at 500 K 
unfolding simulations, the thermo-mesophilic homologous proteins shared similar 
unfolding pathways. The pair sampled t-Test for the number of hydrogen bonds and 
salt bridges in the thermo-mesophilic homologous proteins revealed that the salt 
bridges are more important than hydrogen bonds for their thermostabilities. Based on 
the mesophilic xylanase (Mx), mutants (e.g., Mx_M3) were designed with new salt 
bridges learning from the thermophilic xylanase (Tx). The NPT 600 K MD 
simulations showed that the unfolding speed of Mx_M3 is even lower than Tx. 
Suggesting that Mx_M3 is a thermophilic protein.  
  The MD simulations of antimicrobial peptides (AMPs) on the POPC membranes 
















PEM-2W5K/A9W that inserted into the DPC micelle. Besides, the atomic mechanism 
of AMPs inserted into POPC and POPG:POPC membranes are revealed via observing 
the insertion snapshots. Only the most potent AMP PEM-2-W5K/A9W naturally 
inserted into POPG:POPC membranes using a α-helical initial conformation. To study 
interactions between general AMPs and POPG:POPC membranes (mimic bacterial 
membranes), steered molecular dynamics (SMD)-like simulations are developed. 
AMPs are forced to insert into POPG:POPC membranes using a α-helical initial 
conformation with spring forces. The ∆G results converted from the number of heavy 
atoms of AMPs inserted into hydrophobic region of lipids are highly correlative to 
their antimicrobial activities (correlation coefficient > 0.9). With ∆G results obtained 
from MD simulations, the antimicrobial activities of AMPs can be predicted.  
  The interactions between protein S100B and FGF2 have been detected by NMR 
experiments. The surface residues with remarkable changes in the intensity of the 
cross peak in the HSQC titration experiments are suggested to be the potential binding 
site residues. The protein-protein docking program HADDOCK take these residues as 
the ambiguous restraints for the docking process. A well defined S100B-FGF2 
complex structure has been produced using HADDOCK. The complex structure has 
been simulated for 20 ns using NPT ensemble at 310 K. The complex has been proved 
to be a stable structure by MD simulations. An interesting conformational change in 
the C-terminal of S100B has been revealed by simulations. The end of the helix 4 of 
S100B loosed (disordered) while the C-terminal loop (loop 4) extended. Three 
aromatic residues in the C-terminal of S100B interact with another three aromatic 
residues of FGF2 and formed a highly ordered aromatic cluster in the binding 
interface which stabilized the complex structure.  
 
Key words: molecular dynamics simulations, thermostability, elastic-like peptides, 













第一章 前 言 
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第一章 前 言 
 
1.1 生物大分子体系的动力学研究方法  
蛋白质结构数据库(protein data bank, PDB)中由 X-射线晶体衍射(X-ray)和核
磁共振(Nuclear magnetic resonance, NMR)方法解得的蛋白质结构分别占 88.2%和














且能量最低的分子结构。利用 X-ray 和 NMR 实验都可以获得生物大分子的结构，
但在研究生物大分子的运动动态方面则作用有限。现有的实验手段尚不能方便地
观察多肽、蛋白质等生物大分子结构变化及其变化的动态细节过程。 
弹性网络模型(Elastic network model, ENM)模型[1]是粗粒化(Coarse-grained)
模型的一大类。高斯网络模型(Gaussian network model, GNM) [2, 3]和各向异性网络
模型(Anisotropic network model, ANM) [4]是两种最重要的 ENM 模型。ENM 模型






























1930 年，D. H. Andrews 首次提出把扩展光谱力场应用于分子力学(molecular 
mechanics)
[8]。分子动力学模拟(molecular dynamics simulations, MD simulations)
在上世纪 70 年代被应用于生物分子的模拟，且在近年有了快速发展，有越来越
多的实验观测到的现象被分子动力学模拟重现并为各类生物学现象的机理性解
析提供了方便[9-13]。通过分子动力学模拟可以观测 X-ray 和 NMR 实验无法观测
到的生物大分子运动动态；它还提供了粗粒化模型无法提供的原子层面的分子运
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